Introduction
Atherosclerotic cardiovascular disease (ASCVD) is mainly caused by modifiable risk factors and is preventable. 1 Nevertheless, ASCVD remains a leading cause of death, disability, and high healthcare costs worldwide. 1, 2 The first ASCVD presentation is often sudden and unexpected death, in which major advances in secondary prevention are of no help. 3 Thus, the only efficient approach to restrict this undue loss of life, quality of life, and healthcare resources is primary prevention. For this purpose, public health initiatives are important, 4, 5 but so is personalized prevention for those at the highest risk. 6 The high risk strategy for primary prevention of ASCVD, including treatment of high blood cholesterol with statins, was revised recently in both the USA and Europe. [7] [8] [9] [10] These guidelines, issued by the American College of Cardiology (ACC) jointly with the American Heart Association (AHA) and by the European Society of Cardiology (ESC) jointly with the European Atherosclerosis Society (EAS), are all endorsing the principle of matching the intensity of preventive efforts with the absolute ASCVD risk of the individual. However, different risk prediction models are provided to estimate such risk, and different decision thresholds for, respectively, any ASCVD (ACC/ AHA) and fatal ASCVD (ESC/EAS) are recommended for statin therapy. The risk prediction model recommended in the USA by the ACC and AHA is the newly introduced Pooled Cohort Equations (US-PCE) to predict any ASCVD, 9, 10 and in Europe by the ESC and EAS is the Systematic COronary Risk Evaluation system (European-SCORE) to predict fatal ASCVD. 7, 8 Which risk prediction model to prefer for optimal primary prevention of ASCVD is unknown because the US-PCE and European-SCORE prediction models have not been compared head-to-head in the target population. Despite this, a recent current opinion paper discussed the potential implications of adopting the ACC/AHA guidelines in Europe and concluded that the ESC/EAS guidelines using the European-SCORE model seem to be the most wide ranging, pragmatic, and appropriate choice for European countries. 11 However, this conclusion was based on the opinion of experts, not a direct head-to-head comparison of the clinical performance of the guidelines using different risk prediction models and Class I and IIa recommendations. This is what we are providing in this study based on a large, contemporary, population-based European cohort.
Methods Copenhagen General Population Study
The Copenhagen General Population Study (CGPS) is an ongoing prospective cohort study of the Danish general population. 12 Figure S1 ). Statin users at baseline were excluded because both US-PCE and European-SCORE were designed to predict the natural history of ASCVD in the absence of intervention. The study was conducted in accordance with the Declaration of Helsinki and approved by Herlev and Gentofte Hospital. Written informed consent was obtained from all individuals.
Predictors and recommended age range
The predictors used to estimate risk for a first any or fatal ASCVD event included age, sex, smoking status, total cholesterol, HDL cholesterol, systolic blood pressure, and treatment for high blood pressure (only required for risk estimated by US-PCE 
Predicted outcomes
With European-SCORE, the predicted outcome is fatal cardiovascular disease assumed to be caused by atherosclerosis (¼fatal ASCVD). 17 The endpoint defined by US-PCE is first hard ASCVD event, including nonfatal myocardial infarction, coronary death, and stroke (¼any ASCVD). 10 How these outcomes were identified and ascertained for this study is described in the Supplementary material online, Supplementary material.
Recommendations for statin therapy
The recommended USA and European indications for primary prevention with statins or other lipid-lowering drugs applied in this study are summarized in Table 1 and specified in the Supplementary material online, Supplementary material.
Statistical analyses
Calibration of the equations used to estimate predicted risk (US-PCE and European-SCORE) was assessed by the predicted-to-observed (P/O) event ratio. As the CGPS has not yet completed 10 years of follow-up for all individuals, and as all were followed for at least 5 years, we calculated 5-year predicted and observed any ASCVD event rates when assessing calibration of US-PCE, using the 5-year equations provided by the REGARDS study. 20 Similarly, when assessing calibration of the European-SCORE equations we calculated the predicted 5-year risk of fatal ASCVD, and compared predicted with observed 5-year fatal ASCVD event rates. In the subpopulation recruited in 2004 with complete 10 years of follow-up, we also assessed calibration of US-PCE and European-SCORE using the 10-year equations. any and fatal ASCVD events at 5 and 10 years was adjusted for variable follow-up time using the Kaplan-Meier estimate, when assessing calibration. All other analysis was performed using total number of events. The discriminative power of the US-PCE and European-SCORE equations was compared with Harrell's c-statistics, which takes into account the timing of events.
The proportion of individuals in the CGPS eligible for statin treatment by the ACC/AHA and ESC/EAS guidelines was calculated using the Class I and IIa recommendations for primary prevention with statins. These recommendations are shown in Table 1 .
To compare the clinical performance of the guidelines, we calculated sensitivity, specificity, and the binary net reclassification index (NRI) across the guideline-defined treatment threshold when comparing the ACC/AHA and ESC/EAS guidelines. Differences in sensitivity and specificity were statistically compared with the McNemar test. The binary NRI is the sum of Dsensitivity and Dspecificity and the theoretical range is À2 to 2. 21, 22 Additional information on statistics is provided in the Supplementary material online, Supplementary material. Analyses were performed using Stata version 13.1 SE (StataCorp LP, College Station, TX, USA).
Results
Baseline characteristics and observed events among the 44 889 individuals aged 40-75 from the CGPS are shown in Table 2 ; 57% were women. There were 10 and 14 times more any ASCVD events (used in US-PCE) than fatal ASCVD events (used in European-SCORE) in men and women. Supplementary material online, Figure S2 depicts any and fatal ASCVD event rates stratified by 5-year age groups.
Calibration and discrimination
First, we assessed how accurate the predicted events matched the observed events (¼calibration). The overall P/O event ratio was 1.2 using US-PCE for any ASCVD compared with 5.0 using European-SCORE for fatal ASCVD ( Figure 1 ). The US-PCE was well calibrated around the guideline-defined decision thresholds for statin therapy of 7.5% and 5% (P/O ratio ¼ 1.0-1.1), but overestimated risk slightly when the predicted risk was high (!10%, P/O ratio ¼ 1.4). In contrast, the European-SCORE overestimated risk markedly across all categories and deciles of predicted risk, with overestimation around both the high-risk (5%, P/O ratio ¼ 3.6-5.4) and very-high-risk (10%, P/O ratio ¼ 5.4) thresholds for statin therapy ( Figure 1 ). In the 6802 individuals with 10 years of follow-up, we observed similar results using the 10-year prediction models (see Supplementary material online, Figure S3) .
Next, we assessed the ability of US-PCE and European-SCORE to discriminate between those who developed events defined by US-PCE (any ASCVD) and European-SCORE (fatal ASCVD) and those who did not, after calculating 10-year risk for each individual. For all comparisons, US-PCE discriminated as well or better than European-SCORE between cases and non-cases with c-statistics ranging from 0.71 to 0.85 for US-PCE compared with 0.69-0.84 for European-SCORE ( Table 3) .
Eligibility for statin therapy
Then, we assessed the proportion of individuals who at baseline examination would have been eligible for statin therapy according to the ACC/AHA and ESC/EAS guidelines. We compared corresponding Class I and IIa recommendations as shown in Table 1 . For a Class I recommendation, 42% of individuals qualified for statins using the Table S1 . All who qualified for statin therapy by the ESC/EAS guidelines also did so with the ACC/AHA guidelines; in consequence, 36% of all individuals in the CGPS were furthermore eligible for statin therapy based on Class I recommendations with the ACC/AHA guidelines, but not with the ESC/EAS guidelines.
A similar difference between ACC/AHA and ESC/EAS guidelines was found for men and women separately, and for Class IIa recommendations ( Figure 1) .
Sensitivity, specificity, and net reclassification
To compare the ability of ACC/AHA and ESC/EAS guidelines to allocate statin therapy to individuals who later developed any or fatal ASCVD events, we calculated sensitivity, specificity, and binary NRI based on Class I recommendations for statin therapy ( Table 3 and see Supplementary material online, Table S2 ). The ACC/AHA compared with ESC/EAS guidelines increased the eligibility for statin therapy both among those who developed any ASCVD (increase in sensitivity from 10% to 72%) and those who did not develop any ASCVD (decrease in specificity from 95% to 60%), together yielding a positive NRI of 0.27. Likewise, the ACC/AHA compared with ESC/EAS guidelines increased the eligibility for statin therapy among those who developed fatal ASCVD (increase in sensitivity from 11% to 87%) and those who did not develop fatal ASCVD (decrease in specificity from 94% to 59%), yielding a positive NRI of 0.40. Similar results were seen for men and women separately.
Using the Class IIa recommendations for ACC/AHA compared with ESC/EAS guidelines, we also observed a large gain in sensitivity and a positive NRI for both any and fatal ASCVD (see Supplementary material online, Table S3 ).
Thresholds of European-SCORE corresponding to decision thresholds of US-PCE
Predicted 10-year risk calculated by US-PCE and European-SCORE correlated strongly (spearman 0.95, P < 0.0001) and linearly ( Figure 3) . The sensitivity and specificity of a US-PCE risk of 5% were similar to those of a European-SCORE risk of 1.4%, while a US-PCE risk of 7.5% was similar to a European-SCORE risk of 2.4% (Table 4) .
Sensitivity analysis
In sensitivity analysis we limited the study population to individuals aged 40-65 to fully comply with the European-SCORE age-range, and re-assessed risk prediction and clinical performance of ACC/ AHA and ESC/EAS guidelines. In this age group consisting of 36 482 individuals (see Supplementary material online, Table S4), the US-PCE likewise were better calibrated than the European-SCORE (P/O ratio of 1.1 vs. 5.2; see Supplementary material online, Figure S4) . Similar results were observed using the 10-year prediction models among the 5595 individuals with 10 years of follow-up (see Supplementary material online, Figure S3 ). For a Class I recommendation, 30% of individuals qualified for statins using the ACC/AHA guidelines vs. 6% with the ESC/EAS guidelines (see Supplementary material online, Figure S5) . The ACC/AHA guidelines increased the sensitivity for both any and fatal ASCVD events considerably, accompanied by smaller decreases in specificity (see Supplementary mate rial online, Table S5 ). Thus, for individuals aged 40-65 the ACC/AHA compared with ESC/EAS guidelines yielded positive NRI of 0.16 for any ASCVD and of 0.23 for fatal ASCVD. Similar results were observed in men and women separately, and for Class IIa recommendations (see Supplementary material online, Figure S5 and Table S6 ).
In a second sensitivity analysis, we included diabetic patients (free of ASCVD at baseline) resulting in a study population of 46 656 individuals [1767(4%) with diabetes]. For a Class I recommendation, 43% qualified for statins using the ACC/AHA guidelines vs. 9% with the ESC/EAS guidelines yielding similar clinical performance as in the main analysis (see Supplementary material online, Table S7 ). including statin users (7% of the population) at baseline examination did not explain the observed mismatch between the predicted and observed event rates (see Supplementary material online, Figure S6 ), and did not change the clinical performance of guidelines (see Supplementary material online, Table S8 ).
Discussion
In this large, contemporary, population-based European cohort, the US-PCE recommended by the ACC/AHA guidelines was better calibrated around decision thresholds for statin therapy than the European-SCORE model recommended by the ESC/EAS guidelines. Further, the ACC/AHA guidelines were superior to the ESC/EAS guidelines for primary prevention of ASCVD, that is, for assigning statin therapy to those who would benefit the most. Thus, based on the CGPS, these results suggest that the US guidelines have favourable effects on ASCVD prevention compared with the European guidelines.
The European perspective
In individuals aged 40-75, recruited from the general population and free of ASCVD, diabetes and statin use at baseline, <10% qualified for a Class I or IIa recommendation for statin therapy by PCE performed well below 10% any atherosclerotic cardiovascular disease 10-year risk, with good calibration around the guideline-defined decision thresholds of 5% and 7.5% for statin therapy (left panel). In contrast, European SCORE overestimated risk across all deciles and categories of fatal atherosclerotic cardiovascular disease 10-year predicted risk, with substantial overestimation around both the high-risk (5%) and very-high-risk (10%) thresholds for statin therapy (right panel 
c-Statistics for discrimination between events and non-events using US-PCE and European-SCORE. NRI, net reclassification index; ESC/EAS, European Society of Cardiology/European Atherosclerosis Society; ACC/AHA, American College of Cardiology/American Heart Association; ASCVD, atherosclerotic cardiovascular disease; P/O, predicted/observed events using European-SCORE and US-PCE. ESC/EAS guidelines. Because the recommended 'low-risk' SCORE equations overestimated fatal ASCVD risk substantially in this cohort, even fewer people would have qualified for statin therapy if well-calibrated equations had been used as recommended. 15 Equally troublesome, in people aged 40-75 <15% of those who later developed a first any or fatal ASCVD event qualified at baseline for a Class I recommendation for primary prevention with statin by ESC/EAS guidelines.
European-SCORE overestimated risk substantially in our study, confirming results obtained recently in another 'low-risk' European cohort, the Rotterdam Study. 23 However, we could not confirm the observed high eligibility for statin treatment by the ESC/ EAS guidelines, most likely because the applicable age range for European-SCORE was violated in the Rotterdam Study of elderly people (mean age 66 years), and because the weak Class IIb recommendation for statin therapy in elderly subjects 7 was not complied 
Decision thresholds: to treat or not to treat
Net reclassification index was introduced to evaluate the incremental value of adding predictors and new biomarkers to established risk prediction models, 27 such as adding HDL-C to SCORE. 28 However, NRI may also be used to compare the clinical performance of different risk prediction models, 29 as done in this study. Using a clinically meaningful reclassification approach reflecting the decision 'to treat or not to treat' with statins, the binary NRI was positive and high for both any and fatal ASCVD when we used the US-PCE-based ACC/ AHA guidelines rather than the European-SCORE-based ESC/EAS guidelines. Interestingly, although US-PCE discriminated better than European-SCORE between cases and non-cases the main reason for the positive NRI was the higher sensitivity of the decision thresholds defined by ACC/AHA compared with those defined by ESC/EAS. Consistently, we found that the sensitivity and specificity of a US-PCE risk of 7.5% were similar to a European-SCORE risk of 2.4%, that is, well below the currently used 5% high-risk threshold. Interestingly, we have recently demonstrated that a substantial gain in sensitivity with a smaller loss in specificity is obtainable by lowering the SCOREbased decision thresholds. 15, 30 In support of this, risk-benefit 9 and cost-effectiveness analyses 31 indicate that an ideal risk threshold for primary prevention with statins is around 7.5% 10-year risk for any ASCVD estimated with well-calibrated US-PCE. Recently, it was suggested that an even lower threshold might also be cost-effective. 32 
Strength and limitations
A potential limitation of our study is that we only studied white Europeans, and extrapolation of our results to non-white populations should be done cautiously. Also, as mean follow-up in the CGPS was <10 years, we assessed calibration of US-PCE and European-SCORE using 5-year models, assuming that the correlation of 5-to 10-year ASCVD events in the CGPS is similar to that observed in the US-PCE and European-SCORE cohorts. However, in the subpopulation of individuals with 10 years of follow-up we observed similar calibration results using 10-year models. Finally, we were not able to adjust for prescription of preventive medication during follow-up, which might have contributed to some of the mismatch between predicted and observed event rates especially among those at higher risk.
A major strength of our study is that the results originate from a contemporary, population-based, and large cohort with not a single person lost to follow-up. Any and fatal ASCVD events were appropriately identified, which is essential for the assessment of calibration, and the results are most likely generalizable to most other nonEastern European countries, the USA and similar countries. Finally, our results were robust to several sensitivity analyses.
Conclusion
In this contemporary European cohort with no losses to follow-up, the ACC/AHA US-PCE model was better calibrated than the ESC/ EAS European-SCORE model. Compared with the ESC/EAS guidelines, the ACC/AHA guidelines were superior for primary prevention of ASCVD, that is, for assigning statin therapy to those who would benefit the most. Our results thus suggest that the US guidelines have favourable effects on ASCVD prevention compared with the European guidelines.
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